Vitamin B6 deficiency during pregnancy translates into a severe vitamin B6 deficiency (plasma levels decreased by 97%) in new-born rats. Further, hallmarks are increased (þ89%) concentrations of homocysteine, gross changes in gene methylation and expression, and metabolic alterations including lipid metabolism. This study focuses on determining the effects of vitamin B6-deficiency on cardiolipin composition and oxidative phosphorylation in liver. For this purpose, hepatic cardiolipin composition was analyzed by means of LC/MS/MS, and mitochondrial oxygen consumption was determined by using a Clark-type electrode in a rat model of vitamin B6 deficiency. Liver mitochondria from new-born rats with pre-term vitamin B6 deficiency responded with substantial alterations in cardiolipin composition that include the following changes in the amounts of cardiolipin incorporated fatty acids: increase in C16, decrease in C18, decrease in saturated fatty acid, as well as increase in amount of oxidized cardiolipin species. These changes were accompanied by significantly decreased capacity of oxidative phosphorylation. In conclusion, vitamin B6 deficiency in new born rats induces massive alterations of cardiolipin composition and function of liver mitochondria. These findings support the importance of sufficient periconceptional supply of vitamin B6 to prevent vitamin B6 deficiency.
Introduction
Vitamin B6 (VitB6) is comprised of the pyridine derivatives, pyridoxol, pyridoxamine, and pyridoxal. 1 Pyridoxal phosphate functions as an active co-enzyme for more than 150 enzymes that catalyze several types of reactions such as transamination, decarboxylation, and dehydration. Thus, VitB6 is required for biosynthesis and metabolism of proteins, carbohydrates, lipids, and a great diversity of further relevant bioactive substances. [1] [2] [3] [4] Plasma reference values for humans range from 23 to 223 nmol/l. 5 Because of its anabolic activity, there is an increased need for VitB6 during pregnancy which amounts to 1.9 mg/d. It has been demonstrated that sufficient supply of VitB6 is crucial for the prevention of cleft palate and
Impact statement
Vitamin B6 (VitB6) is an active co-enzyme for more than 150 enzymes and is required for a great diversity of biosynthesis and metabolic reactions. There is an increased need for VitB6 during pregnancy and sufficient supply of VitB6 is crucial for the prevention of cleft palate and neural tube defects. We show that liver mitochondria from new-born rats with pre-term VitB6 deficiency respond with substantial alterations in cardiolipin (CL) composition and in the amount of oxidized CL species. These changes are associated with a decrease in the efficiency of oxidative phosphorylation. The results of this study support the significance of sufficient supply of VitB6 during pregnancy (and periconceptional) for diminishing the number of early abortions and minimizing malformation. The established link between VitB6 deficiency, CL composition, and mitochondrial respiration/energy production provides mechanistic insight as to how the VitB6 deficiency translates into the known pathophysiological and clinically relevant conditions. neural tube defects. [6] [7] [8] [9] Moreover, since VitB6 facilitates the degradation of homocysteine (Hcy) from the methylation cycle to cystathionine by cystathionine synthase, deficiency in VitB6 leads to hyperhomocysteinemia (HHcy). 10 The latter has been shown to cause serious malformations. [11] [12] [13] [14] [15] [16] [17] [18] As comprehensively reviewed recently, 19 VitB6 is essential for mitochondrial and, therefore, the cellular energy metabolism. It is a cofactor of transaminases that catalyze the degradation of amino acids within the mitochondrial urea cycle. It supports the activity of the malate-aspartate shuttle that facilitates the oxidation of NADH via glycolysis. It further links amino acid metabolism to energy production by the formation of pyruvate from alanine or of a-ketoglutarate from glutamate as substrates for glycolysis or mitochondrial TCA and oxidative phosphorylation.
Furthermore, there is evidence that VitB6 deficiency is associated with alterations in lipid and phospholipid metabolism. 4, [20] [21] [22] [23] [24] In particular, insufficient synthesis of phosphatidylcholine (PC) contributes to hepatic impairment by triacylglyceride (TAG) accumulation via decreased secretion of lipoproteins (VLDL). 25, 26 VitB6-dependent restriction of liver function is of central impact in the early phase of development. Therefore, we placed the liver in the center of our interest.
Although the requirement of VitB6 for a proper intact cellular energy metabolism has been already demonstrated, there are no data available regarding the direct effects of VitB6 deficiency on oxidative phosphorylation. To elucidate this particular role of VitB6, mitochondria isolated from livers of VitB6 deficient and control animals were used in the experiments.
In the interrelationship between VitB6 deficiency and oxidative phosphorylation, the mitochondrial phospholipid, cardiolipin (CL), is of particular impact. The anionic phospholipid CL contains four fatty acyl chains organized in two phosphatidyl moieties that are bridged by glycerol. 27 Different assemblies of fatty acyl chain residues offer a high variety of molecular CL species. Thereby, the actual set of fatty acids present in CL has been found to be organism and tissue specific, 27 and is subject of change in response to physiological stimuli or under pathophysiological conditions. [28] [29] [30] It has been demonstrated that the fatty acid composition of CL can affect mitochondrial structure and biogenesis, 28, 30, 31 the activity and organization of mitochondrial membrane proteins and respiratory chain complexes, [32] [33] [34] and the efficiency of oxidative phosphorylation. [35] [36] [37] [38] In this study, we analyzed the composition of molecular CL species by LC/MS/MS technique and measured oxidative phosphorylation by quantifying oxygen consumption in isolated liver mitochondria of new born VitB6 deficient rats. We found substantial alterations in CL composition and impaired oxidative phosphorylation in liver mitochondria of VitB6 deficient new born rats.
Materials and methods

Animals
The animal experiments were approved by the LALLF Mecklenburg-Vorpommern (Az 7221.3-1.1-049/13).
Twelve female primiparous inbred rats (LEW.1W) were used. Breeding rats had ad libitum access to pelleted food and acidulated drinking water. Each breeding pair was kept in a separate K3 cage. Ambient humidity was 50% to 60%. The animals were adapted to the light regimen (12-h light from 6:00 a.m. to 6:00 p.m.) for at least 14 days. During the experimental period, two females at a time were brought to a buck for copulation between 4:00 p.m. and 6:00 a.m., and were separated for treatment following a positive vaginal smear (proof of sperm). The day after successful mating was considered the start of the trial (day 1 post conceptionem (p.c.)). The gravid animals were divided into treatment groups: group C (control) and group B (VitB6 deficiency). The control group (group C) received control food (ssniff, VE 100-400) during the whole experimental period, whereas the deficiency group B was fed control food from day 1 to day 17 of pregnancy. A VitB6-free food (ssniff, food number SO752-E010, Soest, Germany) was administered to pregnant female rats (group B) from day 18 p.c. until day 14 p.p. to induce functional VitB6 deficiency (hypovitaminosis). For analyses, each group consisted of six new-born, male rats.
On day 14 post-partum (p.p.) (group B1/C1) and day 28 p.p. (group B2/C2), new-born rats were euthanized and liver samples were taken, immediately frozen in liquid nitrogen, and stored at À196 C until preparation of mitochondria or CL analysis. The experimental design is illustrated in Figure 1 . Mean body weight was 42.1 AE 1.7 (day 14) and 51.8 AE 2.3 (day 28); liver weights were 1.49 AE 0.08 (day 14) and 1.88 AE 0.07 (day 28). At these time points, groups C and B were not different.
Enzymatic activity assay
The enzymatic activity of aspartate-aminotransferase (ASAT) in plasma samples was determined using the Fluitest V R AST/GOT (Analyticon-Biotechnologies AG, Lichtenfels, Germany) following the recommended protocol but without the addition of pyridoxal phosphate to the reaction mixture.
Quantification of 5-hydroxytryptophan plasma concentrations
Quantification of 5-hydroxytryptophan in rat EDTA-blood plasma was performed by a liquid chromatography tandem mass spectrometry (LC-MS/MS)-based analysis modified from Fuertig et al.
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Sample preparation. Plasma (10 mL) was mixed with 10 mL of internal standard and with 10 mL of mobile phase (0.4% formic acid, 1% acetonitrile in water). Proteins were precipitated by adding 150 mL of ice-cold methanol followed by overnight incubation at À20 C. Then, samples were centrifuged at 0 C and 18,000Âg for 15 min. Supernatants were removed, pellets evaporated to dryness at 30 C in vacuum, and stored until use at À20 C. For analysis, precipitated material was reconstituted in 100 mL of acidified mobile phase (40 C, 1 h) and cleared by centrifugation at 4 C and 18,000Âg for 5 min.
LC-MS/MS
The measurements were performed on an AB Sciex 5500 QTrap TM mass spectrometer (AB SCIEX, Darmstadt, Germany) with electrospray ionization in positive mode combined with a HPLC system (Agilent 1260 Infinity Binary LC, Santa Clara, USA). Twenty microliters of the samples were injected and separated by using a VisionHT C18 column (100 Â 2.1 mm, particle size 3 mm; Grace, Maryland, USA). In order to prevent contamination of the analytical column, a pre-column (VisionHT C18, Guard 5 Â 2 mm; Grace, Maryland, USA) containing the same column material was used. Separation was performed at 15 C with the flow rate of 0.4 mL/min and 11 min total run time using the following gradients of solution A (water þ 0.1% FA þ 0.01% TFA) and solution B (methanol þ 0.1% FA þ 0.01% TFA): 0-2.8 min, 97% A, 3% B; 2.8-3.3 min, 70% A, 30% B; 3.3-4.4, 40% A, 60% B; 4.5-5.0 min, 40% A, 60% B; 5.0-5.5 min, 5% A, 95% B; 5.5-6.9 min, 5% A, 95% B; 6.9-7.0 min, 97% A, 3% B; 7.0-11.0 min, 97% A, 3% B.
The eluate collected between 0.5 and 9 min was introduced into the mass spectrometer and analyzed in the MRM mode. The ion spray voltage was set at 4000 V, the curtain gas pressure was 40.0 psi, and the ion source temperature was set to 550 C. For the quantification of the 5-hydroxytryptophan, a deuterated tryptophan, D5-tryptophan, was used as internal standard. The evaluation of the data, including peak integration and calculation of concentrations, was performed with Analyst Software (Version 1.5.1, AB Sciex, Darmstadt, Germany).
CL analysis
Extraction of lipids and CL analysis was performed as recently described. 40 Similar to our previous study, we analyzed (C18:2)3-CL as the representation of mono-lyso-CL (MLCL) and (C18:2)3-hydroxy-linolyl CL as indication for CL oxidation.
Determination of cellular fatty acid distribution
Liver fatty acid patterns were established by the analysis of fatty acids as their methyl esters, basically following the protocol of Nourooz-Zadeh et al. 41 with modifications described recently. 31 
Oxygen consumption
For the evaluation of mitochondrial oxygen consumption, the liver was cut into pieces using a sharp scissor with isolation buffer (250 mM D-Sucrose, 1 mM EGTA, 10 mM Tris, 0.1% BSA (fatty acid free), pH ¼ 7.4). The liver mixture was homogenized using a Potter-Elvehjem homogenizer (500 r/ min) after the addition of trypsin. The reaction was stopped by the addition of soybean trypsin inhibitor (Thermo Fisher Scientific, Waltham, USA). Subsequently, the following centrifugation steps were performed: 15 min at 600Âg, supernatant 9000Âg for 15 min, resuspension of the pellet in isolation buffer and repeated washing (9000Âg, 15 min, three times). The final pellet was resuspended in incubation medium containing 10 mM KH 2 PO 4 , 0.5 mM EGTA, 60 mM KCl, 60 mM Tris, 110 mM mannitol, and 1 mM free Mg 2þ (pH 7.4); 2 mL (0.3 mg/mL) of mitochondrial suspension were transferred into the incubation chamber for the analysis of oxygen consumption. Mitochondrial respiration was measured using a Mitocell MT200/oxygraph model 782 (Strathkelvin Instruments) at 30 C. The experimental approach was calibrated using the oxygen content of airsaturated medium of 435 ng atoms/mL at 30 C. Respiration was evaluated as follows: first, the substrate couple 5 mM glutamate/5 mM malate was added in order to adjust basal NADH-dependent respiration. Subsequently, active respiration was stimulated by adding 500 mM ADP Figure 1 . Experimental design. In the control group (C), gravid rats were fed normal diet throughout the experiment from day 1 (conception) until day 28. In the VitB6-deficient group (B), gravid rats were fed VitB6-free diet from day 17 post conception (p.c.) until day 14 post-partum (p.p), where after normal feeding was resumed for further 14 days. For read-out, neonatal rats from both groups were analyzed at days 14 p. ............................................................................................................................................................ (glutamate/malate). Finally, maximal respiration was initiated by adding 10 mM succinate to the reaction mixture including FADH-dependent respiration (max). Each condition was recorded for at least 3 min to achieve stable rates of respiration before the addition of next substances. The respiration rates were related to protein content in each sample.
Immunoblot analysis
Tissue samples (0.1 g) were homogenized in 750 mL cold (4 C) lysis buffer (20 mM Tris-HCl pH 7.4, 50 mM ethylenediamine-tetraacetic acid [EDTA], 137 mM sodium chloride, 0.2 mM phenylmethylsulfonyl fluoride [PMSF], 1% n-dodecyl-b-D-maltoside) by using the mechanical homogenizer OMNI mH (Sü d-Laborbedarf GmbH, Gauting, Germany). After incubating on ice for 30 min, the homogenates were centrifuged for 30 min at 10,000Âg at 4 C to remove any particulate material. Protein content in the supernatant was determined according to Bradford 42 and were stored at À80 C until use. Amounts of cytochrome C (CYC) protein were determined by immunoblot analysis as described previously. 43 Twenty micrograms of protein were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto nitrocellulose membrane. Membranes were incubated with anti-CYC rabbit polyclonal antibody (#4272, Cell Signaling Technology, Frankfurt a. M., Germany) followed by incubation with horseradish peroxidase-conjugated anti-rabbit secondary antibody (Cell Signaling Technology). Thermo Scientific TM SuperSignal TM West Dura Chemilumineszenz-Substrat (Thermo Fisher Scientific) was used for detection and the AlphaEaseFC software (AlphaImager System, Alpha Innotech, CA, USA) was used for quantification.
Statistical analysis
The data were statistically evaluated using the software GraphPad Prism, Version 7 (GraphPad Inc., La Jolla, USA). For all four groups (C1, C2, B1, B2) VitB6 markers ( Figure 2 ) and individual CL-species were compared with ANOVA for repeated measures followed by post hoc pairwise comparisons (Tukey's multiple comparisons test). P values of the post hoc test lower than 0.05 were considered to indicate significant differences.
In the graphs, quantitative data are shown as informative boxplots with medians, quartiles, and an interquartile range (IQR) AE 1.5 Â IQR with outliers indicated (Tukey method). In Table 1 , data are summarized as mean AE SD.
Results
VitB6 deficiency in the experimental groups
VitB6 deficiency in new-born rats has been confirmed by three different methods. First, the enzymatic activity of the VitB6-dependent plasmatic ASAT was measured. As expected, feeding gravid rats a VitB6-freed diet over a period of 18 days (from day 17 p.c. to day 14 p.p.) led to substantially reduced ASAT enzymatic activity in the plasma of offspring (B1: 423.8 nkat/l vs. C1:592.2 nkat/l; P < 0.01) (Figure 2(a) ). The subsequent feeding with normal diet over a period of 14 days caused a complete recovery of ASAT enzymatic activity with no obvious differences between the groups C2 and B2 (Figure 2(a) ).
Second, analysis of plasma 5-hydroxytryptophan levels by mass spectrometry revealed significantly reduced plasma concentrations in the B1 group (1023 nM vs. C1: 2190 nM, P < 0.05), further confirming a present VitB6 deficiency (Figure 2(b) ). Third, quantification of hepatic CYC by immunoblot analysis demonstrated significantly lower amounts of this protein in the B1 group (Figure 2(c) ). As observed with ASAT, 5-HT and CYC returned to normal upon resumption of normal diet (groups C2 and B2).
VitB6 deficiency alters CL-composition
VitB6-deficiency, although not altering the total amount of hepatic CL (Figure 4(j) ), provoked highly significant changes in the CL composition of liver mitochondria (C1 vs. B1; Table 1 ). Of the 19 different CL species investigated, 13 were significantly altered in response to VitB6 deficiency, and two more species showed a tendency towards increased levels (P ¼ 0.08 or P ¼ 0.06), respectively. Specifically, a >1.5-fold increase in the amounts of the CLspecies (C18:1) 2 /(C16:0) 2 (P < 0.001), (C18:1) 2 /C18:2/C16:0 (P < 0.0001), (C18:1) 3 /C16:0 (P < 0.0001), (C18:1) 2 /(C18:3) 2 (P < 0.0001), and C22:6/(C18:2) 3 (P < 0.01) was observed in the livers of B1 rats when compared to the livers of C1 control animals. In contrast, amounts of (C18:2) 4 were lower in the livers of B1 rats compared to C1 (B1: 25.2 AE 1.1 vs. C1: 31.7 AE 0.6; P < 0.0001) (Table 1, Figure 3 (a) to (f)).
In addition, VitB6 deficiency caused an increase in the amounts of oxidized CL (C1: 1.11% AE 0.07% vs. B1: 1.29% AE 0.12%; P ¼ 0.01) (Table 1, Figure 4 (l)).
When normal feeding was resumed, CL composition approached that of controls. Only a few differences in CL-species remained after feeding food with normal VitB6 content (C2 vs. B2). Consequently, the profound differences that exist between the CL-compositions of the VitB6-deficient B1 group and controls (C1) became evident between B1 and the VitB6-restituted B2 group (Table 1) .
The analyses performed in this study not only identified VitB6-dependent alterations of hepatic CL composition, but in addition revealed the existence of substantial agedependent effects on the abundance of several CL-species (C1 vs. C2) ( Table 1) . Elder control animals (C2) showed less oxidized CL (C2: 0.77 AE 0.07% vs. C1: 1.11 AE 0.07%; P < 0.005) (Figure 4(l) ).
The abundance of individual fatty acids present in the CL was different between the VitB6-deficient rats (B1) and controls (C1). As shown in Figure 4 (a) to (f), VitB6-deficiency led to increased amounts of C18:1 (1.15fold; P < 0.0001), C18:3 (2.5fold; P < 0.0001), C16:0, (1.5fold; P < 0.0001), and C20:4 (1.1fold; P ¼ 0.026) FAs, whereas that of C18:2 appeared to be slightly, but significantly decreased (À5.3% P < 0.0001). Overall, these changes in CL-composition are reflected in an increase in the total amount of C16 (1.5fold; P < 0.0001) and a slight decrease in the total amount of C18-FAs (P < 0.001) (Figure 4 (g) and (h)). Furthermore, the degree of saturation of the FAs present in CL is significantly (P < 0.0001) reduced in the VitB6-deficient group, B1 (Figure 4(k) ).
In contrast to the effects of VitB6-deficiency on CLcomposition, the effects on the abundance of cellular fatty acids were much less pronounced, with only the cellular content of alpha-C18:3, C20:3, and C22:6 found to be slightly increased in the B1 group when compared to C1 (Table 2 ).
VitB6 deficiency affects mitochondrial respiration
In parallel to the observed changes in CL-composition, VitB6 deficiency provoked significant changes in the mitochondrial respiration. Liver mitochondria from VitB6-deficient rats showed decreased respiratory control ratios (RCR) (C1: 4.7 vs. B1: 3.2; P< 0.01) ( Figure 5(a) ). This change in RCR might be due to increased state IV respiration (C1: 15.33 vs. B1: 18.32 nmol O 2 /min/mg mitochondrial protein), whereas state III respiration was not affected by VitB6-deficiency (not shown). Maximum (uncoupled) respiration was also not different between the experimental groups ( Figure 5(b) ). This finding demonstrates that ADPdependent respiration was reduced in mitochondria of VitB6-deficient animals indicating decreased capacity of oxidative phosphorylation.
Discussion
It has been shown previously that induction of vitamin deficiencies/hypovitaminosis (VitB6 and folic acid) in rats due to restricted feeding decreased the VitB6 blood plasma levels by 97%, while that of Hcy increased by 89% after a period of 14 days. 18 The development of a functional VitB6-deficiency under the conditions applied in this study in the B1 group could be verified by three different techniques.
The activity of transaminases like ASAT is substantially decreased under conditions of VitB6 deficiency. 44 Therefore, reduction in ASAT activity observed in the B1 group confirmed an existing functional deficiency of VitB6 in this group. The reduced hepatic levels of CYC reflect the dependency of heme synthesis on VitB6 44 and, thus, further confirmed the VitB6 deficiency that developed in the B1 group. VitB6-deficieny could be also verified by the detection of reduced serotonin (5-HT) plasma levels in the B1 group. 45 In summary, these findings demonstrate that feeding a VitB6-free diet to gravid rats translates into functional VitB6 deficiency (hypovitaminosis) in newborn rats.
VitB6 deficiency has been associated previously with substantial changes in lipid metabolism and hepatic histology. 21, 23, 46, 47 Notably, in new-born rats of VitB6, deficient mothers substantial alterations of liver metabolism could be detected. 48 However, the impact of VitB6-deficiency on hepatic mitochondrial CL composition and mitochondrial respiration has not been studied yet. Effects of VitB6-deficiency on hepatic amounts of CL-species. Shown are molecular CL species which are subject to >1.5-fold change in response to VitB6-depletion (C1 vs. B1). The content of molecular CL species in all groups is presented in per cent of the sum of analyzed CL species. Data are given as boxplots with medians, quartiles, and an interquartile range (IQR) AE 1.5 Â IQR with outliers as indicated (Tukey method) (n ¼ 6; **P < 0.01, ***P < 0.001, ****P < 0.0001). Figure 4 . Effects of VitB6-deficiency on the abundance of fatty acids incorporated into hepatic CL. In the B1 group, amounts of (a) C18:1, (c) C18:3, (d) C16:0, (e) C16:1, and (f) C20:4 FAs incorporated into Cl were found to be increased, whereas (b) C18:2 was less abundant. Total amounts of (g) C16 FAs in CL were increased, the opposite effect was observed for (h) C18 FAs. VitB6 deficiency led to a (k) lower degree of saturated FAs in Cl, but (l) increased the amounts of oxidized CL. Total CL content (j) was not changed. Data are given as boxplots with medians, quartiles, and an interquartile range (IQR) AE 1.5 Â IQR with outliers as indicated (Tukey method) (n ¼ 6; *P < 0.05, **P < 0.01, ***P < 0.001,****P < 0.0001). Results of this study demonstrate profound alterations in the CL-composition in response to VitB6 deficiency. These changes affect almost all CL-species investigated. In general, these changes can be described by an increase in the levels of unsaturated fatty acids and oxidized CL as well as increase in the amounts of C16 FAs, whereas C18 FAs appeared to be less abundant in the CL. With respect to the chain length, similar changes in CL have been observed in fast proliferating (tumor) cells previously. 49, 50 Despite of the profound effects of VitB6-deficiency on CLcomposition, we could not detect similar changes in the amounts of cellular FAs. This finding supports the hypothesis that VitB6 deficiency rather affects remodeling but not de novo synthesis of CL, since the mitochondrial CL content did not change. Additionally, the independency of the distribution of cellular free fatty acids with respect to VitB6 indicates that the substrate supply for CL de novo synthesis was unaffected by VitB6 deficiency. At present there is no information available concerning a role of VitB6 in tafazzindependent remodeling of CL. This question should be addressed by future studies of CL metabolism.
Even marginally decreased VitB6 levels have been shown to decrease plasma concentrations of polyunsaturated fatty acids (PUFAs) in humans. 51 Both insufficient availability of VitB6 as a co-factor for D6 desaturase and the reduced expression of fatty acid desaturase (FADS) due to hypermethylation of, e.g., the FADS2 promoter, have been proposed to contribute to these effects. 52, 53 Along this line, VitB6-depletion has been shown to increase the hepatic amounts of saturated FAs and decrease that of unsaturated FAs. 22 Such changes could not be observed in our study. A possible explanation for this apparent discrepancy could be the relatively short period of VitB6-deficiency rats were exposed to in our study. Alternatively, effects on desaturase expression might be less prominent here due to incomplete hepatic maturation and low FADS expression levels. Postnatal hepatic remodeling has been shown to be mediated by large-scale transcriptional and post-transcriptional alterations 48, 54, 55 with fatty acid metabolism identified among the top enriched pathways. 55 In full accordance with these alterations of lipid metabolism, "age-dependent" changes in both CL-composition and the amounts of cellular FAs could be observed in our study (C1 vs. C2).
In line with results of previous studies, changes in CL composition, as caused here by VitB6-deficiency, were associated with altered mitochondrial function. In this study, we found a decreased capacity of oxidative phosphorylation (maximal ADP-dependent oxygen consumption) in liver mitochondria from VitB6 deficient new born rats. This we conclude although uncoupled respiration as well as active respiration in the presence of both NADH-and FADH-dependent respiration remained unaffected by VitB6 deficiency. However, increased state IV oxygen consumption values in isolated liver mitochondria from VitB6 deficient new born rats indicate (i) alteration of the permeability of the mitochondrial membrane system (proton leak) and (ii) restriction of the capacity for ATP synthesis since ADP-dependent respiration (maximal respiration minus state IV oxygen consumption) decreased. It has been shown that properties of the mitochondrial membrane system depend on the content and composition of CL. 56, 57 Electrophysical properties, membrane curvature (cristae structure), and the assembling of membrane proteins depend on CL. 31, 33, 58 Thus, the observed VitB6-dependent alterations in CL could be responsible for the changes in membrane permeability and subsequently for the restriction in the capacity of oxidative phosphorylation in situations of VitB6 deficiency.
Conclusion
VitB6 deficiency during pregnancy and lactation induces massive alterations of CL composition in the liver mitochondria of new-born rats. This is associated with a decrease in the efficiency of oxidative phosphorylation.
These findings indicate that a sufficient supply of VitB6 during pregnancy (and periconceptional) contributes to an appropriate mitochondrial CL-composition and, thus, supports mitochondrial respiration/energy production. experiments: JW, CW, DP, GD, LS, SG, UL. Analyzed the data: CW, GD, SG, LS, UL, JW. Wrote the manuscript: UL, CW, LS, GD.
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